It has been suggested that a shift in diet is one of the key adaptations that distinguishes the genus Homo from earlier hominins, but recent stable isotopic analyses of fossils attributed to Homo in the Turkana Basin show an increase in the consumption of C 4 resources circa 1.65 million years ago, significantly after the earliest evidence for Homo in the eastern African fossil record. These data are consistent with ingesting more C 4 plants, more animal tissues of C 4 herbivores, or both, but it is also possible that this change reflects factors unrelated to changes in the palaeobiology of the genus Homo. Here we use new and published carbon and oxygen isotopic data (n = 999) taken from large-bodied fossil mammals, and pedogenic carbonates in fossil soils, from East Turkana in northern Kenya to investigate the context of this change in the isotope signal within Homo. By targeting taxa and temporal intervals unrepresented or undersampled in previous analyses, we were able to conduct the first comprehensive analysis of the ecological context of hominin diet at East Turkana during a period crucial for detecting any dietary and related behavioural differences between early Homo (H. habilis and/or H. rudolfensis) and Homo erectus. Our analyses suggest that the genus Homo underwent a dietary shift (as indicated by δ 13 C ena and δ
R ecent stable isotopic analyses suggest that by circa 3.8 million years ago (Ma) some eastern African hominin taxa had expanded their diet to include either primary or secondary C 4 resources (that is, warm growing season grasses and sedges and/or animals that consume these plants) 1, 2 . Over the subsequent 2 million years, hominin lineages gradually increased the relative proportion of these resources in their diet ( Fig. 1 and Supplementary Dataset 1). Existing analyses indicate that Homo samples postdating 1.65 Ma from the Turkana Basin demonstrate a ~20% increase in the ingestion of C 4 resources relative to Homo samples predating 1.65 Ma (ref. 3 ). This ~2.0‰ shift in mean Homo δ 13 C ena signature between 2.0 and 1.4 Ma coincided with a reduction in post-canine tooth and mandibular corpus size between early Homo (H. habilis and/or H. rudolfensis) and Homo erectus 4, 5 , the onset of the Acheulian technological industry 6 as well as a change in the way hominins exploited the landscape [7] [8] [9] [10] [11] . The temporal coincidence of these patterns is consistent with the genus Homo undergoing a dietary shift during this period as part of what some have claimed is a move to an adaptive zone that is distinct from the one occupied by the australopiths 12 , see ref. 13 for a discussion. Our objective is to determine whether additional evidence presented in this study is more consistent with (1) an adaptive shift prior to the appearance of Homo or (2) an adaptive shift that occurred between early Homo and H. erectus in the Turkana Basin.
The extensive record of direct (for example, stable isotopes of enamel, hominin morphology) and indirect (for example, archaeological traces) evidence of hominins between 2.0 and 1.4 Ma at East Turkana in northern Kenya provide an opportunity to evaluate the hypothesis that there was a potential grade shift between early Homo and Homo erectus. Specifically, more than 80% of the isotopic samples that document Homo dietary ecology in eastern Africa during this period are derived from fossils collected from the Upper Burgi, KBS and Okote members of the Koobi Fora Formation at East Turkana ( Fig. 2) 3,14 . However, while the documented increase in C 4 resource ingestion by Homo between 2.0 and 1.4 Ma could signal a grade shift at this time, it could also reflect changes in the bioavailability of diet-related isotopes. For example, it is possible that changes in the isotope signal do not reflect the addition of new C 4 food resources (and thus change in dietary ecology), but rather an increase in the relative proportion of already utilized C 4 resources on the East Turkana landscape [15] [16] [17] [18] . If these resources became more prevalent on the landscape during the later portion of this sequence, any isotopic change would simply reflect Homo continuing to track environmental trends (for example, C 3 /C 4 plant abundance) rather than any significant change in its dietary behaviour. The key to understanding the ecological factors that contributed to this change in the isotope signal is to examine it within the context of the contemporaneous mammal and vegetation community at East Turkana.
In this study we use a large sample (n = 999) of newly collected and existing stable carbon ( Homo sp. 
Paranthropus boisei

18
O ena samples were only included if the specimen was confidently identified to the generic level (that is, family-level identifications and cf. taxa were removed). The exception was the family Bovidae, which given genus-level morphological similarities in dentition, were identified only to the tribal level. We consider pre-1. hippopotamids, hominins and suids ( O ena values sample both evaporation sensitive (ES) and evaporation insensitive (EI) taxa 21, 22 . The δ
O ena values presented here average −0.3 ± 2.5‰ (1σ) and range from −6.6‰ to +7.6‰ with presumed EI taxa (for example, Hippopotamus) having lower δ
O ena values than presumed ES taxa (for example, Giraffa).
Across the Upper Burgi, KBS and Okote members, δ
13
C psol values in our East Turkana dataset average −5.4 ± 1.6‰ (1σ) and range from −10.4‰ to +0.4‰, indicating habitats ranging from approximately 73% to 1% woody cover 23 . The δ
18
O psol values across the three members (n = 300) average −1.8 ± 2.5‰ (1σ) and range from −7.6‰ to +4.4‰. During the Upper Burgi member, δ Palaeovegetation. Both enamel and palaeosol carbon isotope data indicate that the East Turkana vegetation community contained a mix of C 3 and C 4 plants. Based on previously defined dietary categories 24 (see Supplementary Information), the majority of our combined enamel sample comprises C 4 grazers (60%), followed by C 3 /C 4 mixed feeders (35%) and C 3 browsers (5%). There is a trend towards an increase in δ O ena values, Hippopotamus is the only taxon that undergoes significant depletion between these members. It should be noted that the large-bodied primate genus Theropithecus does not undergo a significant isotopic change through this period.
The temporal context of hominin fossils at East Turkana is generally better resolved than that of fossils belonging to other taxonomic groups 3, 24 , so we were able to analyse Homo and Paranthropus δ 13 C ena and δ
O ena values within a finer chronologic framework than was possible for the contemporaneous herbivores. Whereas Homo δ
13
C ena values become significantly more enriched through time (r 2 = 0.32, P = 0.003), those of Paranthropus remain stable (r 2 = −0.01, P = 0.43; Fig. 1b ). This pattern is not related to spatial bias in sampling (Supplementary Information and Supplementary  Fig. 1 ). The disparity in δ
C ena values is not as pronounced in δ
18
O ena values, but Homo becomes significantly depleted in δ
O ena values through time (r 2 = 0.20, P = 0.02), while Paranthropus does not (r 2 = 0.04, P = 0.18; Supplementary Fig. 2 ). Although it is not possible to examine the non-hominin taxa with comparable temporal resolution, the lack of significant δ 
Discussion
Environmental and dietary change at East Turkana. The δ
13
C psol values are modestly enriched between the Upper Burgi and KBS members, but remain stable into the Okote member at East Turkana (Fig. 3) . This is consistent with an increase in C 4 vegetation at East Turkana around 1.8 Ma, potentially related to changes in physical geography (for example, lake regression). However, overall these data indicate that any changes in the relative proportion of C 3 and C 4 vegetation were minimal and are consistent with previous results that indicate C 4 -dominated environments in eastern Africa were established prior to the period analysed here 3, [15] [16] [17] 25 . The overall δ
18
O psol value enrichment trend could be related to documented changes in Turkana Basin hydrology through this sequence 26 or to differences in evapotranspiration (or other environmental factors) represented by the depositional settings of our samples 15, 27, 28 . The temporal resolution of East Turkana δ 13 C psol and δ
O psol values is more easily compared with that of contemporaneous hominin values because both have an associated age, rather than only geologic member designation. These data indicate that δ 13 C ena value enrichment observed in the genus Homo is not mirrored in contemporaneous δ
13
C psol values; however, it is important to consider the differences in temporal scale reflected by these two proxies. δ C ena value enrichment in Homo reflects an increase in C 4 vegetation at East Turkana, the consequent shifts should also be evident in herbivorous animals with a mixed C 3 /C 4 diet that included proportionally more C 4 forage within their diet (that is, the δ 13 C ena value signal from such taxa would mirror the pattern in δ
C psol values). Contrary to this expectation, the isotopic signal recorded by mixed feeding herbivores does not become enriched during this period. In two mixed feeding groups, the aepycerotin and tragelaphin bovids, the signal is unchanged across this time frame in the former and moves in the opposite direction (that is, δ 13 C ena value depletion) in the latter (Fig. 4) . In contrast, to the pattern seen in other large mammals at East Turkana, the genus Homo was incorporating more C 4 resources between the early (Upper Burgi Member) and later (Okote Member) periods (Fig. 4) . Third, although our dataset indicates a herbivore community dominated by C 4 grazers (that is, taxa whose diet would not signal an increase in C 4 vegetation to the same degree as mixed feeding taxa), if the δ 13 C psol data presented here indicate a significant increase in C 4 vegetation on the East Turkana landscape between 2.0 and 1.4 Ma, then the abundance of these taxa should increase through time. Existing studies indicate that this was not the case 25 .
With the exception of grazing suid Metridiochoerus, which replaces Notochoerus (another grazing suid), the abundance of the grazing taxa whose diets are considered here remain stable through time at East Turkana, further suggesting that the change in C 4 vegetation (as indicated by the δ 13 C psol data) was minimal and not the primary driver of the dietary shift in the genus Homo during this period.
The depletion of Homo δ
18
O ena values through time is opposite to the pattern observed in Hippopopotamus, a taxon considered indicative of changes in meteoric water 21 (Fig. 4) values and suggests that meteoric water became slightly enriched through this period. We interpret these results as indicating that the change in Homo δ
O ena values through this sequence is unrelated to environmental change and is more consistent with the hypothesis that it signals a shift in dietary ecology during this period.
The timing of a dietary shift in Plio-Pleistocene Homo. The δ 13 C ena value dataset is consistent with the hypothesis of a dietary shift within the genus Homo at East Turkana between 2.0 and 1.4 Ma that was (1) unrelated to an increase in C 4 vegetation on the landscape and (2) unlike the patterns found in other large mammal lineages dating to this period (for example, Alcelaphini and Hippopotamus). The timing of this shift is important for understanding the morphological and behavioural changes seen within the genus Homo. It is generally agreed that a biologically significant shift in diet occurred between Australopithecus and H. erectus in eastern Africa [33] [34] [35] , but it has been unclear whether this transition occurred at the base of the Homo lineage (H. habilis and/or H. rudolfensis) or with the appearance of H. erectus in the fossil record. The data presented here from East Turkana are consistent with the hypothesis that the diet of early Homo (pre-1.65 Ma), as reflected in δ
13
C ena values, was more similar to that of earlier hominin taxa than it is to later Homo (post-1.65 Ma; Fig. 1 ). Although we use pre-and post-1.65 Ma age categories, we are not suggesting that there was an evolutionary 'event' at 1.65 Ma, but rather that Homo samples in the later portion of the sequence have a significantly different isotopic signature than specimens in the early part of the sequence (Fig. 1b; see Supplementary Information for discussion of taxonomic attribution of these samples). When considered in conjunction with the morphological evidence (for example, reduction in post-canine tooth and mandibular corpus size in H. erectus) we hypothesize that the isotopic evidence presented here also indicates a dietary shift between early Homo (H. habilis and/or H. rudolfensis) and H. erectus as part of a more general shift in adaptive zone 12 .
Drivers of dietary change at East Turkana. The δ
13
C ena value enrichment in the genus Homo is related to either the primary or secondary ingestion of C 4 resources. The latter is more consistent with evidence from East Turkana that butchery becomes more prevalent between the Upper Burgi (1.98-1.87 Ma) and Okote (1.56-1.38 Ma) members 8, [36] [37] [38] [39] , with the later sites containing disproportionately large quantities of alcelaphin bovid remains 25 . These antelopes are the most δ 13 C ena -enriched mammals in our analyses and increased secondary ingestion of alcelaphins by hominins could have contributed to the isotope shift we document here. However, it is also possible that the primary ingestion of C 4 vegetative resources such as underground storage organs 40 or grass leaves 41 may have contributed to the change in isotope signal within Homo pre-and post-1.65 Ma. However, given that Homo has a unique pattern of enrichment relative to a wide variety of ungulates and Theropithecus, this suggests that any differences in Homo δ
C ena values across this sequence involved resources that were not being utilized by most herbivores on the East Turkana landscape.
Finally, what could explain the different trends in δ
18
O ena values within Homo versus those that reflect the broader East Turkana environment? First, existing research indicates that δ
O ena values are primarily controlled by the composition of ingested water and foodstuffs 42 . The correlated change in Homo δ 13 C ena and δ
O ena values is consistent with the hypothesis that there was a significant change in diet (that is, the incorporation of new dietary items) between pre-and post-1.65 Ma Homo. Previous community-level analyses indicate that carnivores have depleted δ
O ena values relative to herbivores 42 and therefore the pattern in later Homo could be indicative of increased carnivory (either primary or secondary), which would also be consistent with the changes in the archaeological record at East Turkana during this period 25, [37] [38] [39] 43 . It is also important to consider the influence of the complex depositional environments characteristic of the ancient ecosystem at East Turkana on δ
O ena values 28 and future studies should focus on the specific dietary drivers of the observed changes in δ 13 C ena and δ
O ena values in Homo during this period.
Conclusion
The East Turkana results presented here represent a comprehensive analysis of the ecological context of hominin diet during a period crucial for understanding the ecological relationship between early Homo (H. habilis and/or H. rudolfensis) and Homo erectus. New enamel and soil isotope data from target taxa and temporal intervals undersampled in previous analyses indicate a dietary shift circa 1.65 Ma within the genus Homo. Contextual and comparative 
Methods
Fossil enamel sampling, preparation, analyses and interpretation. New fossil enamel samples presented here were derived from field collections by DBP at East Turkana and specimens housed in the National Museums of Kenya, Nairobi, Kenya. All specimens were photographed prior to sampling. All teeth were cleaned with gentle abrasion with a high-speed rotary drill prior to sampling along previously broken surfaces. Enamel powders were treated with 10% (vol/vol) H 2 O 2 and 0.1 M buffered acetic acid solution for 15 min each. Each sample was rinsed three times with deionized H 2 O and dried at 60 °C prior to analyses. Samples were then digested in a common 100% phosphoric acid bath at 90 °C for 10 min. 13 C/ 12 C and 18 O/ 16 O ratios of enamel were measured on a Thermo MAT 253 isotope ratio mass spectrometer in the Department of Earth and Planetary Sciences at Johns Hopkins University, USA. An acid fractionation factor of 1.00725 was used for all enamel samples 2 . External precision (1σ) of δ 13 C and δ
18
O of enamel standards was 0.19‰ and 0.15‰, respectively. We assumed that the δ 13 C value of the atmosphere was constant during the period considered here (early Pleistocene) and had the same value as the pre-industrial atmosphere, so we did not apply a correction factor.
Pedogenic carbonate sampling, preparation analyses and interpretation. New pedogenic carbonate samples used in this study were collected using strategic lateral sampling where palaeosols were identified within a geologic section. Once palaeosols were identified in section, the presence of soil carbonates was determined by digging >50 cm below the contact with the sedimentary layer above and examining soil samples for discrete nodules and the presence of a Bk horizon (see ref.
3 for a description of the field sampling methodology). To determine whether the nodules were composed of calcium carbonate, they were reacted with 10% hydrochloric acid in the field. Soil samples containing carbonate nodules were examined under magnification to determine crystalline structure. One to four micritic nodules were then extracted from each soil sample and homogenized using a mortar and pestle. Sediment adhered to the nodules was removed during the homogenization process. Powdered carbonate was then digested in a common 100% phosphoric acid bath at 70 °C and 
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